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© Thiazine (or oxazine) derivatives of the formula [I]: 




O wherein R 1 and R 2 are both H or form a naphthalene ring together with the benzene ring; R 3 and R* are both H, 
ft or one of them is halogen and another is H; X is S or O; R 5 and R 6 are each i) H ( ii) lower alkyl, iii) cycloalkyl, iv) 
m substituted phenyl, v) naphthyl, vi) lower alkyl which is substituted by substituted or unsubstituted phenyl, or vii) 
S-containing heterocyclic group; one of Z 1 and Z 2 is O and another is H 2 ; A is lower alkyiene; R 7 and R 8 are 
each i) H, ii) lower alkyl, iii) lower alkenyl. iv) lower alkynyl, or v) lower alkyl which is substituted by substituted 
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or unsubstituted phenyl, or both form together N-containing heterocyclic group; provided that when both of R 1 
and R 2 are H, Z 2 is O and either one of R 5 and R 6 is substituted phenyl, naphthyl or S-containing heterocyclic 
group, or their salts, which have calcium antagonistic activity within the cerebral tissues and are useful for 
prophylaxis and treatment of ischemic encephalopathia and/or cerebral neurocyte dyscrasia, and process for 
preparing said compounds. 
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THIAZINE (OR OXAZINE) DERIVATIVES AND PREPARATION THEREOF 



This invention relates to novel thiazine (or oxazine) derivatives useful for the prophylaxis and treatment 
of ischemic encephalopathia and/or cerebral neurocyte dyscrasia, and processes for preparing the same. 

Hemokinetic dyscrasia due to intracephalic hemorrhage or thromboembolia induces shortage of glucose 
and oxygen etc. which are source of energy for neurocytic activity and then induces nervous cellular 
5 necrosis at the ischemic lesion site. For treating such ischemic encephalopathia, there has hitherto been 
used a medicament such as flunarizine dihydrochloride which can increase cerebral blood flow and can 
promote supplement of glucose and oxygen etc. to the ischemic lesion site. 

Besides, it has recently been clarified that calcium participates in cellular injury in ischemia and that the 
cellular injury in ischemia can be prevented by inhibiting the flow of calcium into neurocytes (cf. Trends in 
io Pharmacological Science, 1989, 10, 397). Thus, it has been desired very much to develop a calcium 
antagonistic agent which can directly act on the cerebral cells. 

An object of this invention is to provide novel compounds which have excellent calcium antagonistic 
activity within the cerebral tissues and are useful for the prophylaxis and treatment of ischemic en- 
cephalopathia and/or cerebral neurocyte dyscrasia. 
is The novel compounds of this invention are thiazine for oxazine derivative of the following formula [I]: 



20 




wherein R 1 and R 2 are both hydrogen atom or form a naphthalene ring together with the benzene ring; R 3 
and R* are both hydrogen atom, or one of them is a halogen atom and another is hydrogen atom; X is sufur 
atom or oxygen atom; R 5 and R 6 are the same or different and are each i) hydrogen atom, ii) a lower alkyl, 

30 Hi) a cycloalkyl, iv) a substituted phenyl, v) naphthyl, vi) a lower alkyl which is substituted by a substituted 
or unsubstituted phenyl, or vii) a sulfur-containing monoheterocyclic group; one of Z 1 and Z 2 is oxygen atom 
and another is two hydrogen atoms; A is a lower alkyiene; R 7 and R 8 are the same or different and are 
each i) hydrogen atom, ii) a lower alkyl, iii) a lower alkenyl, iv) a lower alkynyl, or v) a lower alkyl which is 
substituted by a substituted or unsubstituted phenyl, or both form together with the adjacent nitrogen atom 

35 a nitrogen-containing monoheterocyclic group; provided that when both of R 1 and R 2 are hydrogen atom, Z 2 
is oxygen atom and either one of R s and R 5 is a substituted phenyl, naphthyl or a sulfur-containing 
monoheterocyclic group, or a pharmaceutical ly acceptable salt thereof. 

In the compounds of the formula [I], the lower alkyl, lower alkyiene and lower alkoxy denotes an alkyl, 
alkyiene and alkoxy group having 1 to 6 carbon atoms, preferably 1 to 4 carbon atoms. The lower alkenyl 

40 and alkynyl denotes an alkenyl or alkynyl group having 2 to 6 carbon atoms, preferably 2 to 4 carbon 
atoms. The cycloalkyl denotes a cycloalkyl group having 3 to 8 carbon atoms, preferably 5 to 6 carbon 
atoms. The sulfur-containing monoheterocyclic group includes, for example, thienyl group, and the sub- 
sisted phenyl includes a phenyl group which is substituted by one or two substrtuents selected from a 
halogen atom, a triha!ogeno(lower)aikyl. a lower alkyl and a lower alkoxy, for example, a halogenophenyl, a 

45 dihalogenophenyl. a trihalogeno(lower)alkylphenyl, a lower alkylphenyl, a lower alkoxyphenyl, or di(lower 
alkoxy)phenyl. The nitrogen-containing monoheterocyclic group includes, for example, imidazolyl, mor- 
pholinyl, pyrrolidinyl, piperidinyl, and piperazinyl. 

Preferred compounds are compounds of the formula [I] wherein R 3 and R 4 are both hydrogen atom; 
one of R 5 and R 6 is hydrogen atom and another is a halogenophenyl, a trihalogeno(lower)alkylphenyl; A is 

so methylene or ethylene; X is sulfur atom; R 7 and R 8 are the same or different and are each a lower alkyl. 
The compounds [I] of this invention can be prepared by the following processes. 



(a) Process A 



The compounds [I] may be prepared by reacting a compound of the formula: 
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5 




[II] 



io wherein R\ R 2 , R 3 , R*, R 5 , R 6 , X and Z 1 are as defined above, or a salt thereof with a compound of the 
formula: 

Y^CfZ^-A-Y 1 [III] 

is wherein Y 1 and Y 2 are the same or different and are each a reactive residue, and A and Z 2 are as defined 
above, to give a compound of the formula: 



20 



25 




[IV] 



wherein R\ R z , R 3 , R*. R s , R s , X, A, Z\ Z 2 , and Y 1 are as defined above, and then reacting the above 
30 compound [IV] with an amine compound of the formula: 



R 7 

DO 

35 

wherein R 7 and R 8 are as defined above, or a salt thereof, 
(b) Process B 

40 

The compounds [I] may be prepared by reacting the compound of the formula [II] or a salt thereof with 
a compound of the formula: 

45 - 0 

y 3 -c(z 2 )-a-n:T [vi] 

X R 8 



wherein Y 3 is a reactive residue, and Z 2 , A, R 7 and R a are as defined above- 
so 

(c) Process C 

The compounds [I] wherein A is ethylene, Z 1 is two hydrogen atom, and Z 2 is oxygen atom may be 
prepared by reacting the compound of the formula [II] or a salt thereof with an acrylic acid compound of the 
55 formula: 

Y2-COCH = CH 2 [VII] 
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wherein Y 2 is as defined above, to give a compound of the formula: 



5 



10 




[VIII] 



wherein R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , and X are as defined above, and then reacting the above compound [VIII] 
with an amine compound [V]. 

15 

(d) Process D 

The compounds [I] wherein at least one of R 7 and R 8 is a lower alkyl, a lower alkenyl, a lower alkynyl, 
or a lower alkyl which is substituted by a substituted or unsubstituted phenyl may be prepared by reacting 
20 a compound of the formula: 



25 




[I-a] 



wherein R\ R 2 , R 3 , R 4 , R 5 , R 6 , X, A, Z\ and Z 2 are as defined above, and R 71 is hydrogen atom, a lower 
alkyl, a lower alkenyl, a lower alkynyl, or a lower alkyl which is substituted by a substituted or unsubstituted 
phenyl, or a salt thereof with a compound of the formula: 

35 

R 81 -Y 4 [IX] 

wherein R 81 is a lower alkyl, a lower alkenyl, a lower alkynyl, or a lower alkyl which is substituted by a 
substituted or unsubstituted phenyl, and Y 4 is a reactive residue. 
4o In the above reactions, the starting compounds of the formulae [II], [V] and [VI] and the compounds of 
the formula [l-a] may be used in a free form or in the form of a conventional acid addition salt such as 
mineral acid salts or organic acid salts. The reactive residues Y 1 , Y 2 Y 3 and Y 4 includes, for example, a 
halogen atom (e.g. chlorine atom, bromine atom, etc.), a lower alkylsulfonyloxy, or a lower alkylphenylsul- 
fonyloxy. 

45 The condensation reaction between the compound [II] and the compound [III], the compound [VI], or the 
acrylic acid compound [VII], and the condensation reaction between the compound [l-a] and the compound 
[IX] can be carried out in an appropriate solvent in the presence of a base. These reactions proceed at a 
temperature of from cooling temperature to elevated temperature, preferably 0° to 100° C. 

The reaction between the compound [IV] or the compound [VIII] and the amine compound [V] can be 
50 carried out in the presence or absence of a base in an appropriate solvent or without solvent. This reaction 
proceeds at a temperature of from cooling temperature to elevated temperature, preferably 0* to 100* C. 

The base used in the above reactions includes any conventional bases, preferably tri(lower alkyl)- 
amines, N-lower alkylmorpholines, N,N-di(lower alkyi)anilines, pyridine, alkali metal hydrogen carbonates, 
alkali metal carbonates, and the like. 
55 The solvent used in the above reactions includes any conventional inert solvents, preferably acetone, 
toluene tetrahydrofuran, dioxane, methylene chloride, chloroform, dimethylformamide, dimethyl sulfoxide, 
methanol, ethanol, and the like. 

In case of Z 1 being two hydrogen atoms, the above reaction proceeds without racemization, and hence. 
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when an optically active starting compound wherein Z 1 is two hydrogen . atoms is used, there can be 
obtained an optically active compound [I]. 

Besides, the compounds [l] can optionally be subjected to optical resolution to give each optically 
active compounds [I]. The resolving agent may be any conventional resolving agents and further includes 

s an optically active 3-[(5-chloro-2-nitrophenyl)thio]-2-hydroxy-3-(4-methoxyphenyl)propionic acid. For in- 
stance, an optically active compound [I] can be obtained by reacting a racemic compound [I] with a 
resolving agent to form a diastereomer salt, dividing the salt into each isomer by the difference of solubility 
in a solvent, followed by treating with a basic substance. 

The desired compounds [I] of this invention may be used in a free form or in the form of a 

w pharmaceutical^ acceptable salt. The pharmaceutical^ acceptable salt includes inorganic acid salts [e.g. 
hydrochloride, hydrobromide, sulfate, etc.), or organic acid addition salts (e.g. oxalate, fumarate, maleate, 
etc.). 

The compounds [I] of this invention include also the optical isomers owing to the asymmetric carbon at 
2-position of the thiazine or oxazine ring and also a mixture of the isomers. 
75 The compounds [I] or pharmaceutical^ acceptable salts thereof of this invention can be administered 
orally or parenterally to a warm-blooded animal, including human being, and can be used in a conventional 
pharmaceutical preparation, such as tablets, granules, capsules, powders, injections, and the like. 

The dosage of the compounds [I] or pharmaceutical acceptable salts thereof of this invention may 
vary depending on the administration route, age, weight and state of patient, severity of diseases, and the 
20 like, but is usually in a range of about 0.1 to 100 mg/kg per day, preferably about 3 to 30 mg/kg per day. 
The starting compounds [II] include novel compounds of the formula: 



25 r If |\o61 [H-aJ 



40 



45 




30 

wherein >C is sulfur atom or oxygen atom; R 51 and R 61 are the same or different and are each i) hydrogen 
atom, ii) a lower alkyl, iii) a cycloalkyl, iv) a substituted phenyl, v) naphthyl, vi) a lower alkyl which is 
substituted by a substituted or unsubstituted phenyl, or vii) a sulfur-containing monoheterocyclic group; Z 11 
is oxygen atom or two hydrogen atoms; provided that when Z 11 is two hydrogen atoms and R 51 and R B1 are 
35 both hydrogen atom, X* is sulfur atom, which can be prepared by the following processes. 

The compounds [ll-a] wherein Z 11 is oxygen atom can be prepared by reacting a compound of the 
formula: 




wherein X* is as defined above, with a compound of the formula: 

Y 5 

I R 51 

Y b -co-c:T [xi j 

R 

wherein Y 5 is a halogen atom, Y 6 is a halogen atom or a lower alkoxy, and R 51 and R 61 are as defined 
55 above, in the presence or absence of a base (e.g. sodium acetate, potassium hydroxide, etc.), and when a 
compound of the formula: 
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wherein R 51 , R 51 , X\ and V s are as defined above, is obtained, and the above compound [XII] is further 
subjected to a ring-closing reaction in the presence of a base (e.g. potassium carbonate, etc.). 
to The compounds [ll-a] wherein Z 11 is oxygen atom, and one of R 51 and R 61 is hydrogen atom and other 
is a substituted phenyl, naphthyl, a lower alkyl which is substituted by a substituted or unsubstituted phenyl 
or a sulfur-containing monoheterocyclic group can be prepared by halogenating a compound of the formula: 




IXIII] 



wherein X 1 is as defined above, then reacting the resulting 3-halogenated compound with a compound 

selected from a substituted benzene, naphthalene and a sulfur-containing monoheterocyclic compound in 

the presence of a Lewis acid (e.g. stannic chloride, etc.), or reacting the compound [XIII] with a substituted 
25 or unsubstituted benzaldehyde compound in the presence of a base (e.g. sodium methoxide, etc.), followed 

by subjecting to catalytic reduction with a catalyst (e.g. palladium on charcoal, etc.). 

Besides, the compounds [ll-a] wherein Z 11 is two hydrogen atoms can be prepared by reducing the 

corresponding compounds [ll-a] wherein Z 11 is oxygen atom in the presence of a reducing agent (e.g. alkali 

metal borohydride, diborane, etc.). 
30 Another starting compounds [II] can also be prepared from a corresponding substituted or unsubstituted 

2-amino(thio)phenol or a corresponding substituted or unsubstituted 1 -amino-2-naphthol (or naph- 

thalenethiol) in accordance with the procedure desclosed above. 
The activities of the compounds of this invention were tested. 



35 Experiment 1 



Activity against entrance of calcium into cerebral synaptosome: 

A cerebral synaptosome suspension was prepared from the cerebral cortex of rat in accordance with 
the procedure disclosed in The Journal of Physiology, 1989, 387, pages 415-423. To the suspension were 

40 added a fluorescent reagent (cf. "Note" hereinbelow) and a solution of test drug, and thereto was further 
added potassium chloride to depolarize. The fluorescent strength of the mixture was measured at 500 nm 
when irradiating mutually UV rays of wavelength of 340 nm and 380 nm with an apparatus for measuring 
intracellular calcium (CAF-100, manufactured by Nippon Bunko K.K.). The activity of the test drug for 
inhibiting the entrance of calcium into the synaptosome was calculated based on the rate of specific change 

45 (AR) of fluorescent strength at peak by the following equation. As a control, dimethylsulfoxide was used 
instead of the test drug. 

Inhibitory rate of calcium entrance (%) = 

Average [AR] in medicated group 

50 [1 - ] x 100 

Average {aR] in control group 



wherein R = fluorescent strength at 340 nm/fluorescent strength at 380 nm. 
55 [Note]: The fluorescent reagent = 1-(2-(5'-carboxyoxa2ol-2 , -yl]-6-aminoben2ofuran-5-oxy)-2-(2 , -amino- 
S'-methylphenoxyJethane-N.N.N'.N'-tetraacetic acid pentaacetoxymethyl ester (tradename, Fura 2-MA, man- 
ufactured by Dojin Kenkyusho). 
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Results 

When the compounds as shown in the following Table 1 were used as the test drug in a concentration 
of lO^M, these compounds showed the inhibitory activity of calcium entrance as shown in Table 1. 
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so Experiment 2 

Activity for protecting cerebral anoxia inuded by potassium cyanide: 

The test drug was orally administered to mice. One hour after the administration, potassium cyanide 
(2.4 mg/kg) was administered into the tail vein, and the survival time (second) of the mice was measured. 
55 On the basis of the average survival time in the medicated group and the control group, the rate of 
prolonging of the survival time was calculated by the following equation. In the control group, distilled water 
was administered instead of the test drug. Rate of prolonging of survival time (%) - 
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Average survival time in medicated group 

t 1J x 100 

Average survival time in control group 



Results 

io When the compounds as shown in the following Table 2 were orally administered as the test drug in a 
dose of 10 mg/kg, these compounds showed the prolonging rate of survival time as shown in Tables 2A and 
2B. 
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Table 2B 



Test compound: c 

R b 


Prolonging 
rate of 

survival 
time 

(%) 


No. 


X 


R 5 






R 8 


7 


s 


-CH 3 


-CH 3 


-C 2 H 5 


" C 2 H 5 


42 


8 


o 


-H 


-H 


-CH 3 


-CH 3 ; 


93 



The compounds (I) of this invention can inhibit the calcium entrance into the cerebral synaptosome and 

25 show excellent central calcium antagonistic activity and/or excellent calcium antagonistic activity in cerebral 
blood vessel, and can be used for the treatment and prophylaxis of cerebral diseases due to cerebral blood 
flow disorder at acute and chronic periods, for example, subarachnoid hemorrhage, cerebral infarction, etc. 
The compounds (I) of this invention have also an activity for protecting cerebral neurocyte. For example, 
when 2-{4-chlorophenyl)-4-(diethylamino)acetyl-3,4-dihydro-2H-1 ,4-benzothiazine was intraperitoneally ad- 

30 ministered to evanescent cerebral ischemic rats with ligating four vessels in a dose of 1.5 mg/kg twice a 
day for four days, it increased the number of normal pyramidal cells at hippocampul CAi region in about 90 
% in comparison with the non-medicated group. Accordingly, the compounds (I) of this invention can 
effectively be used for the prophylaxis, treatment and amelioration of sequelae of cerebral neurocyte 
dyscrasia, for example, disturbances of consciousness (e.g. somnolenz, sopor, coma, stupor, clouding of 

35 consciousness, etc.), motor paralysis (e.g. parkinsonism, etc.), cerebral neuropathy (e.g. dysuria, etc.), 
speech and language disorders (e.g. articulation disorders, aphasia, semantic aphasia, etc.), sensitive 
disorders (e.g. pain, sysesthesia, heat sensibility disorder, etc.), psychological disorders (e.g. dementia, 
hallucination, delusion, delirium, poriomania, melancholia, neurosis, emotional incontinence, etc.), and the 
like, and further the prophylaxis of palindromia and also the prophylaxis of exacerbation and progression of 

40 the symptoms. Moreover, the compounds (I) of this invention show little activity to heart and circular organs 
and hence has characteristics of direct action onto the cerebral cells. In addition, the compounds (I) of this 
invention have low toxicity and has high safety. For example, when the compounds of this invention such as 
2-(4-chlorophenyl)-4-(diethylamino)acetyl-3,4-dihydro-2H-1 ,4-benzothiazine oxaiate, 3-(4-chlorophenyl)-1 - 
(diethylamino)acetyl-2,3-dihydro-1H-naphtho[2,1-b][1,4]thiazine oxalate, and 1-[3-(dimethylamino)propyl]-3- 

45 (3-trifluoromethylphenyl)-1H-naphtho[2,1-b][1,4]thaizin-2[3H]-one oxalate were orally administered to mice in 
a dose of 500 mg/kg, no mouse died even after 7 days. 

The compounds of this invention are illustrated by the following Examples but should not be construed 
to be limited thereto. 

so Example 1 

(1) To a mixture of 2-(4-fluorophenyl)-3-oxo-3,4-dihydro-2H-1 ,4-benzothiazine (4.0 g), sodium borohydride 
(2.91 g) and tetrahydrofuran (100 ml) is added dropwise with stirring boron trifluoride etherate complex 
(12. 5 ml) at room temperature, and the mixture is refluxed for 1.5 hour. After cooling, to the mixture is 
added dropwise 10 % hydrochloric acid (35 ml), and the mixture is further refluxed for one hour. The 
55 reaction mixture is poured into ice water and made alkaline with potassium carbonate and extracted with 
ethyl acetate. The ethyl acetate layer is washed, dried and distilled to remove the solvent. The residue is 
recrystallized from isopropyl ether to give 2-(4-fluorophenyl)-3,4-dihydro-2H-1 ,4-benzothiazine (3.45 g, 
yield 91 %) as crystals. 
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M.p. 134- 135.5° C. 

(2) To a solution of the compound obtained above (2.60 g) and triethylamine (3.6 ml) in methylene 
chloride (45 ml) is added dropwise a solution of chloroacetyl chloride (1.70 ml) in methylene chloride (5 
ml) under ice cooling, and the mixture is stirred at room temperature for one hour. After the solvent is 
distilled off, to the residue are added ethyl acetate and water, and the ethyl acetate layer is washed with 
water, dried and distilled to remove the solvent. The residue is recrystallized from isoporpyl ether to give 
4-chloroacetyl-2-(4-fluorophenyl)-3 l 4-dihyro-2H-1,4-benzothiazine (3.02 g, yield 89 %). 

M.p. 122- 123.5* C. 

(3) To a solution of the compound obtained above (1.20 g) in tetrahydrofuran (15 ml) is added a 15 % 
solution of dimethylamine in methanol (15 ml), and the mixture is stirred at room temperature for 20 
hours. The solvent is distilled off, and to the residue are added ethyl acetate and aqueous sodium 
hyrogen carbonate solution. The ethyl acetate layer is washed, dried, and distilled to remove the solvent. 
The residue is dissolved in ethanol-ether and thereto is added one equivalent of oxalic acid. The 
resulting precipitate is recrystallized from ethanol-ether to give 4-(dimethylamino)acetyl-2-(4- 
fluorophenyl)-3,4-dihydro-2H-1,4-benzothiazine oxalate (1.45 g. yield 93 %). 

M.p. 171.5- 172.5* C. 
Examples 2 to 17 

(1) The "corresponding starting materials are treated in the same manner as described in Example 1-(1) 
to give the compounds as shown in Tables 3 and 4. 

Table 3 



Compd . 
symbol 


R H | 


R 2 


R 3 


X 


M.p. (solvent for recrystal.) 


A 


H 


CI 


s 


139 - 142°C (isopropyl ether) 


B ; 


H 


H 


0 


99 - 100°C {isopropyl ether-n-hexane) 
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Table 4 



symbol 


H 




M.p. (solvent for recrystal.) etc. 


C 




74 - 75°C (n-hexane) 


D 




101.5 - 103°C (isopropyl ether-n-hexane) 


E 




84 - 89°C (ethyl acetate-n-hexane) 


F 




93 - 95°C (ethyl acetate-n-hexane) 


G 




110 - 112°C (ethyl acetate-n-hexane) 



(2) The compounds obtained in the above (1) or corresponding compounds are reacted with chloroacetyl 
chloride in the same manner as described in Example 1-(2) to give the compounds as shown in Tables 5 
and 6. 
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Table 5 



Compd • 
symbol 


"xxy^" 

COCH 2 Cl 


R 2 


R 3 


X 


M.p. (solvent for recrystal.) etc. 


A 


H 


CI 


S 


119.5 - 121°C (ethyl acetate-n-hexane) 


B 


H 


H 




caramel, Neat ^ 

MS (m/z): 321 (M + ), IR v max (cm" 1 ): 1670 



20 

Table 6 



25 


Compd . 
symbol 


oa' 5 

C0CH 2 C1 


30 










M.p, (solvent for recrystal.) etc. 


35 


C 




104 - 105. 5°C (ethyl acetate-n-hexane) 




D 




133 - 135. 5°C (ethanol) 


40 


E 


v 


93 - 97°C (ethanol) 


45 


P 




caramel/ CHCl 

MS (m/z): 371 (M + ), IR v max 3 (cm" 1 ): 1670 




G 




121 - 123°C (isopropyl ether) 



- to be continued - 
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Table 6 (Continue) 



Compd . 
symbol 


R 5 


M.p. {solvent for recrystal.) etc. 


H 


-O-ci 


94 - 95°C (ethanol) 


I 


O0CH3 


110 - 112°C (ether) 



(3) The compounds of the above (2) or the compound in Example 1-(2) are reacted with the 
corresponding amine compound in the same manner as described in Example 1-(3) to give the 
compounds as shown in Tables 7 to 9. 

Table 7 



Ex. 
No. 


R 2 | / C 2 H 5 
COCH 2 N^ 

C 2 H S 


R 2 


R 3 


M.p. (solvent for recrystal.) 


2 


H 


CI 


Oxalate: 162 - 163. 5°C (ethanol-ether ) 
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Table 8 



EX • 
NO. 




a 


:r 5 7 

2 R 




R 5 


/* 7 

N n 8 
R 


M.p. (solvent for recrystal.) etc. 


3 




N(C 2 H 5 ) 2 


65-68°C (isopropyl ether-n-hexane) 
oxalate: 

143-144°C (dec.) (methanol-ether ) 


4 


-^-OCH 3 


N(C 2 H 5 ) 2 


oxalate: 180-182°C (ethanol) 


5 




N(C 2 H 5 ) 2 


oxalate: 111-113°C (dec.) (ethanol- 
ether) 


6 




N(C 2 H 5 ) 2 


oxalate: 146-148°C (dec.) (ethanol- 

ether) 


7 




N(C 2 H 5 ) 2 


oxalate: 166. 5-167. 5°C (dec.) 

(ethanol-ether) 


8 




N(CH 3 ) 2 


oxalate: 192-194°C (dec.) (ethanol- 

ether ) 


9 


Civ 


N(C 2 H 5 ) 2 


oxalate: 177-179°C (ethanol-ether) 


10 


0« 3 


N(C 2 H 5 ) 2 


oxalate: 161-163°C (ethanol-ether) 
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Table 9 



5 


Ex. 
No. 








10 






1 /R 7 

COCH,Nv „ 


15 




x 


M 

R 8 


M.p. (solvent for recrystal.) 

6tC. 




11 


s 


N ( CH3 J 2 


hydrochloride: 

253.5-255. 5°C (dec.) (ethanol- 

ether) 


20 


12 


s 


vJ 


{ ethanol-ether ) 


25 


13 


s 


/ — V 


oxalate: 197. 5-198. 5°C (dec.) 
(methanol) 




14 


o 


N(CH 3 ) 2 


oxalate: 211-213°C (dec,) 

(me thanol-ether ) 


30 


15 


o 


N(C 2 H 5 ) 2 


oxalate: 144-146°C (dec.) 

(ethanol-ether) 


35 


16 


s 


NHCH3 


oxalate: 225-227*C (dec.) 

(methanol) 




17 


s 


N ^ CH 3 OCH3 
v CH 2 CH 2 ^_^-OCH 3 


oxalate: powder 

MS (m/z): 498, 496 (M + ), 345 

IR vjj^jca" 1 ): 1720, 1670 



Example 18 

(1) To a mixture of 2-(4-ch!orophenyl)-3.4-dihydro-2H-1,4-benzothiazine(9.62 g), sodium hydrogen car- 
bonate (6.0 g), methylene chloride (100 ml) and water (50 ml) is added dropwise with stirring a solution 
45 of acryioyl chloride (5.0 g) in methylene chloride (20 ml) under ice cooling over a period of about 30 
minutes. The mixture is stirred at room temperature for 3 hours, and the organic layer is washed and 
dried. After the solvent is distilled off, the resulting crystals are washed with n-hexane to give 2-(4- 
chlorophenyl)-4-acryloyl-3 t 4-dihyro-2H-1,4-ben20thiazine (10.76 g, yield 93 %). 
M.p. 122 - 124* C. 

50 (2) To a suspension of the compound obtained above (2.21 g) in ethanol (50 ml) is added a 31 % 
solution of dimethylamine in ethanol (20 ml), and the mixture is stirred at room temperature for one hour. 
The solvent is distilled off, and to the residue is added hydrogen chloride-ethanol. Ethanol is distilled off, 
and the residue is recrystallized from ethanol-ether to give 2-(4-chlorophenyl)-4-[3-(dimethylamino)- 
propionyl]-3,4-dihydro-2H-1,4-benzothiazine hydrochloride (2.13 g, yield 77 %). 

55 M.p. 188- 190 - C. 
Example 19 

The corresponding starting material is treated in the same manner as described in Example 18-(2) to 
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give the compound as shown in Table 10. 

Table 10 



Ex. 
No. 


COCH 2 CH 2 N x 8 


V 


M.p. (solvent for recrystal.) 


19 


N(C 2 H 5 ) 2 ; 


hydrochloride: 191-194°C (ethanol-ether) 



Example 20 

25 To a solution of 2-(4-chlorophenyl)-3,4-dihydro-2H-1 f 4-benzothiazine (0.52 g) and N,N-dimethylaniline 
(0.97 g) in methylene chloride (15 ml) is added dimethylaminoacetyl chloride hydrochloride (0.63 g) under 
ice cooling, and the mixture is stirred at the same temperature for 2.5 hours. To the reaction mixture is 
added aqueous sodium hydrogen carbonate solution, and is extracted with chloroform. The chloroform layer 
is washed, dried and distilled to remove the solvent. The residue is treated with hydrochloric acid and the 

30 resulting salt is recrystallized from ethanol-ether to give 2-(4-chlorophenyl)-4-(dimethylamino)acetyl-3,4- 
dihyro-2H-1 ,4-benzothiazine hydrochloride (0.63 g, yield 86 %). 
M.p. 253 -255 # C. (dec.) 



Example 21 

35 

A mixture of 2-(4-ch lorophenyl)-4-(N-methy lam inoacetyl)-3,4-dihydro-2H-1 ,4-benzothiazine (1.80 g), aJlyl 
bromide (0.52 ml), potassium carbonate (2.25 g) and dimethylformamide (20 ml) is stirred at room 
temperature for 3.5 hours. The reaction mixture is poured into water, and the mixture is extracted with ethyl 
acetate. After the solvent is distilled off, the residue is purified by silica gel column chromatography 
40 (solvent, chloroform : methanol = 40 : 1). The caramel thus obtained is dissolved in ether and thereto is 
added 1.1 equivalent of oxalic acid. The resulting precipitate is washed with ether and dried to give 4-(N- 
allyl-N-methylaminoacetyl)-2-(4-chlorophenyi)-3.4-dihydro-2H-1 ,4-benzothiazine oxalate as powder. 



45 



Mass (m/z): 374, 372 (M + ) 
IR v^lcm" 1 ): 1720, 1680 



50 

Example 22 



2-(4-Chlorophenyl)-4-(N-methylaminoacetyl)-3,4-dihyrc-2H-1 ,4-benzothiazine and 2-propynyl bromide 

are treated in the same manner as described in Example 21 to give 4-[N-(2-propynyl)-N- 
55 methylaminoacetyl]-2-(4-chlorophenyl)-3 ( 4-dihydro-2H-1 ,4-benzothiazine oxalate. 
M.p. 169.5 - 171 * C (dec.) (recrystallized from ethanol-ether). 



Example 23 
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(1) To a mixture of 2-(4-chlorophenyl)-3,4-dihydro-2H-1 ,4-benzothiazine(1 .08 g), ethyl acetate (20 ml) and 
aqueous sodium hydrogen carbonate solution (20 ml) is added dropwise a solution of 4-bromobutyryl 
chloride (0.97 g) in ethyl acetate (5 ml) with stirring under ice cooling. The ethyl acetate layer is washed, 
dried and distilled to remove the solvent The residue is recrystallized from ethyl acetate-n-hexane to 

5 give 4-(4-bromobutyryi)-2-(4-chlorophenyl)-3.4-dihyro-2H-1 ,4-benzothiazine (1 .58 g. yield 93 %). 
M.p. 91 -92°C. 

(2) To a solution of the compound obtained above (1.19 g) in tetrahydrofuran (5 ml) is added a 20 % 
solution of dimethyiamine in tetrahydrofuran (5 ml), and the mixture is stirred at room temperature for 5 
hours. After the reaction is completed, the solvent is distilled off, and to the residue are added ethyl 

w acetate and aqueous sodium hydrogen carbonate solution. The ethyl acetate layer is washed, dried, and 
distilled to remove the solvent The oily residue is dissolved in ethanol and thereto is added oxalic acid 
(0.22 g). The resulting precipitate is recrystallized from ethanol-ether to give 2-(4-chlorophenyl)-4-[4- 
(dimethylamino)butanoyl>3,4-dihydro-2H-1,4-benzothiazine oxalate (1.03 g, yield 76 %). 
M.p. 170- 170.5* C. (dec.) 

is Example 24 

To a solution of 1-amino-2-naphthalenethiol (27.81 g) in ethanol (500 ml) is added sodium borohydride 
(11.35 g) at room temperature. The mixture is stirred for 20 minutes, and thereto is added dropwise acetic 
acid (200 ml) and is further added sodium acetate (24.6 g). To the mixture is further added dropwise methyl 
20 orbromo-4-chlorophenylacetate (46.8 g), and the mixture is sitrred at room temperature under argon 
overnight The reaction mixture is poured into ice water and the resulting precipitate is separated by 
filtration, washed, dried and recrystallized from tetrahydrofuran-n-hexane to give 3-(4-chlorophenyl)-1 H- 
naphtho-[2,1 -b][1 ,4]thiazin-2(3H)-one (44.45 g, yield 82.6 %) as crystals. 
M.p. 235.5- 237.5 °C. 

25 

Examples 25 to 31 

The corresponding starting materials are treated in the same manner as described in Example 24 to 
give the compounds as shown in Table 11. 

30 



35 



40 



45 



50 



55 



20 



EP 0 441 539 A2 



Table 11 



70 



15 



20 



25 



30 



Ex. 

NO. 

■ 


R 5 






M.p. (°C) 


25A 


n 


n 

u 


200 — 201°C *1 


25B 


CH 3 


CH 3 


182 - 183°C *2 


26 


H 




192 - 194°C *1 


27 


H 




250 - 252. 5°C *1 


28 


H 


-©-»' 


244 - 246°C *1 


29 


H 




251 - 253'C *1 



35 



40 



45 



50 



55 
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Table 11 (Continue) 



5 


Ex. 
No. 






R 5 


10 






\U H 








R 6 


M.p. (°CJ 


IS 


30 


H 


/ — r- CF ^ 


203.5 - 206°C *1 


SO 


31 


H 


\ — c_ cl 


233 - 235°C *1 



*1) Recrystallized from tetrahydrof uran-hexane 

*2) Recrystallized from tetrahydrof uran-isopropyl ether 

25 

Example 32 

30 To a mixture of 1-amino-2-naphthol (9.4 g), N,N-dimethylaniline (17.87 g) and tetrahydrofuran (160 ml) 
is added dropwise a-bromo-4-chlorophenylacetyl chloride (18.97 g) under ice cooling, and the mixture is 
stirred for one hour. To the reaction mixture is added ethyl acetate, and the ethyl acetate layer is washed, 
dried and distilled to remove the solvent. The resulting oil is dissolved in acetone (500 ml) and thereto is 
added potassium carbonate (40.8 g), and the mixture is refluxed for 2 hours, and acetone is distilled off. To 

35 the residue is added water, and the precipitate is separated by filtration, washed, dried and recrystallized 
from tetrahyrofuran to give 3-(4-chlorophenyl)-1H-naphtho[2,1-b][1,4]oxazin-2(3H)one (13.29 g t yield 72.8 
%). 

M.p. 230.5- 232* C 
40 Example 33 

1 -Amino-2-naphthol and bromoacetyl chloride are reacted in the same manner as described in Example 
32 to give 1 H-naphtho[2,1 -b][1 ,4]oxazin-2(3H)-one. 
M.p. 219 - 220.5° C (recrystallized from tetrahydrofuran) 

45 

Example 34 

To a solution of 3-(4-chIorophenyl)-1H-naphtho[2 t 1-b][1,4]thiazin-2(3H)-one (38.45 g) and sodium 
borohydride (22.32 g) in tetrahydrofuran (1.0 liter) is added dropwise with stirring boron trifluoride etherate 

50 complex (100 ml) at room temperature, and the mixture is refluxed for 2 hours. After cooling, to the mixture 
are added methanol (200 ml), 10 % hydrochloric acid (300 ml) and cone, hydrochloric acid (150 ml) in this 
order and the mixture is further refluxed for 4 hours. To the reaction mixture is added ice water and the 
mixture is made alkaline with potassium carbonate and extracted with ethyl acetate. The ethyl acetate layer 
is washed, dried and distilled to remove the solvent. The residue is recrystallized from tetrahydrofuran-n- 

55 hexane to give 3-(4-chlorophenyl)-2,3-dihydro-1H-naphtho[2,1-b][1,4]thiazine (32.3 g, yield 88 %) as cry- 
stals. 

M.p. 185- 186.5° C. 
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Examples 35 to 44 

The compounds obtained in Examples 25 to 33 are treated in the same manner as described in 
Example 34 to give the compounds as shown in Table 12. 

Table 12 



Ex. 
NO. 




R 5 


X 


R 5 


R 6 


M.p. (°C) 


35 


s 


H 


H 


102 - 104°C *2 


36 


s 


CH 3 


CH 3 


125 - 128°C *2 


37 


S 


ft 

H 






38 


c 


TT 
XI 




ICQ — 1 £A cor* *9 


39 


S 


H 




203 - 206°C *2 


4 OA 


S 


H 




174 - 176°C *2 


4 OB 


S 


H 




180 - 182°C *2 


41 


S 


H 




137 - 139°C *2 


42 


S 


H 




156 - 158*C *2 


43 


O 


H 




168 - 170°C *1 


44 


0 


H 


H 


hydrochloride: 
211 - 214°C *3 



*1) Recrystallized from tetrahydrof uran-hexane 
*2) Recrystallized from ethyl acetate-n-hexane 
*3) Recrystallized from ethanol 



[Note]: The compound of Example 44 is disclosed in Journal of the Chemical Society Vol. 121, page 
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647. 

Example 45 

(1) To - a suspension of 3-(4-chlorophenyl)-2,3-dihyclro-1H-naphtho[2 f 1-b][1,4]thia2ine (14.09 g) and 
triethylamine (13.7 g) in methylene chloride (300 ml) is added dropwise chloroacetyl chloride (10.2 g) 
under ice cooling. After the mixture is stirred at room temperature for one hour, the reaction mixture is 
washed, dried and distilled off to remove the solvent. The residue is crystallized from isopropyl ether to 
give 1-chloroacetyl-3-(4-chlorophenyl)-2,3-dihyro-1H-naphtho[2 t 1-b][1,4]thiazine (15.45 g, yield 88 %). 
M.p. 172- 174* C. 

(2) To a suspension of the compound obtained above (15.45 g) and sodium iodide (13.6 g) in 
tetrahydrofuran (100 ml) is added diethylamine (80 ml). After the mixture is stirred at room temperature 
for 2 hours, the solvent and diethylamine are distilled off, and to the residue are added ethyl acetate and 
aqueous sodium hydrogen carbonate solution. The ethyl acetate layer is washed, dried, and con- 
centrated to give 3-(4-chlorophenyI)-1 -(diethy lamino)acetyI-2,3-dihydro-1 H-naphtho[2,1 -b][1 ,4]thiazine 
(17.0 g) as an oil. The product is dissolved in ethanol and thereto is added one equivalent of fumaric 
acid. The resulting precipitate is recrystallized from 1 % aqueous acetone to give 3-(4-ch!orophenyl)-1- 
(diethylamino)acetyl-2,3-d!hydro-1H-naphtho[2,1-b][1,4]-thiazine fumarate (17.45 g, yield 81 %). 

M.p. 164.5- 166*C. 
Examples 46 to 54 

(1) The compounds obtained in Examples 35 to 44 are reacted with chloroacetyl chloride in the same 
manner as described in Example 45-(1) to give the compounds as shown in Table 13. 
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Table 13 



Ex.. *' 
No. 


( 


R 5 

J 1 ! 

^ C0CH 2 -C1 


X 


R 5 


R 6 


Physical properties, etc. 


46(1) 


s 


CH 3 


CH 3 


caramel: Mass (m/2): 305 (M + ) 

„ Neat, -i- 

IR v max < cm ) 5 1675 


47(1) 


s 


H 




m.p. 156 - 157. 5°C *2 


48(1) 


s 


H 




• 

m.p. 139 - 141°C *3 


49(1) 


s 


H 




m.p. 178 - 180°C *4 


50(1) 


s 


H 




m.p. 125 - 127°C *4 


51(1) 


s 


H 


-0 


m.p. 143 - 145°C *4 



- to be continued - 
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Table 13 (Continue) 



Ex. 
No. 


(f 


R 5 

J 1 

C0CH 2 -C1 


X 


R 5 




Physical properties, etc. 


52(1) 


s 


H 




m.p. 123 - 125°C *4 


53(1) 


0 


H 




m.p. 132 - 134°C *3 


54(1) 


0 


H 


H 


oil: Mass (m/z): 261 (M + ), 
IR vjgf (cm" 1 ): 1675 



*2) Recrystallized from ethyl acetate-n-hexane 

*3) Recrystallized from ethanol 

*4) Recrystallized from isopropyl ether 



(2) The products obtained in the above (1) are reacted with the corresponding amine compounds in the 
same manner as described in Example 45-(2) to give the compounds as shown in Tables 14 and 15. 
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Table 14 



Ex. 
No. 


X*> 6 

II J 1 /C 2 H 5 

COCH 2 -nC v • oxalate 
C 2 H 5 


R 5 


R 6 


Physical properties, etc. 


46(2) 


CH 3 


CH 3 


powder: Mass (ra/z): 342 (M + ) 
IR vj^j° 1 (cm- 1 ): 1720, 1675 


47(2) 


H 




ro.p. 167 - 171. 5°C (dec.) *5 


48(2) 


H 




powder: Mass (m/z): 424 (M + ) 
IR v^° 1 (cni- 1 ): 1720, 1680 


49(2) 


H 




ro.p. 182 - 184°C (dec.) *5 


50(2) 


H 




ra.p. 145 - 148°C *5 


51(2) 


H 




powder: Mass (m/z): 458 (M + ) 
IR v^^cm -1 ): 1720, 1680 


52(2) 


H 




powder: Mass (m/z): 458 (M + ) 
IR v^ 0l (cm _1 ): 1720, 1680 



*5) Recrystallized from ethanol-diethyl ether 
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Table 15 



Ex. 
No. 


(J 


R 5 

1 s 

COCH 2 -N^ 

R 




R 6 


-%» 


Physical properties, etc. 


53(2) 


H 


-@-Cl 


N(C 2 H 5 ) 2 


oxalate: 

m.p. 168 - 170°C (dec.) *5 


54(2) 


H 


H 


N(CH 3 ) 2 


hydrochloride: 

m.p. 213 - 215°C (dec.) *5 



*5) Recrystallized from ethanol7diethyl ether 

Examples 55 to 65 

The products obtained in Examples 34, 35, 40A, 40B, 41 to 43 are reacted with the corresponding 
amine compounds in the same manner as described in Example 45 to give the compounds as shown in 
Table 16. 
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Table 16 



EX. 
NO. 


u 


R 5 

I R 7 

coch 2 -n' • oxalate 

R 8 


x 


R 5 


<»» 


Physical properties, etc. 


55 


s 


hQ-CI 


N(CH 3 ) 2 


m.p. 217 - 219°C (dec.) *6 


56 


s 




■a 


m.p. 209 - 211°C (dec.) *7 


57 


s 




o 

\ / 


m.p. 234 - 236°C (dec.) *7 


58 


s 


^-Cl 


i — V 
N O 
\ / 


m.p. 239 - 240°C (dec.) *7 


59 


s 




NHCH 3 


m.p. 238.5-240. 5»C (dec.) *7 


60 


s 


H 


N{CH 3 ) 2 


m.p. 215 - 216°C (dec.) *6 


61 


s 




N(CH 3 ) 2 


m.p. 143 - 146°C *5 


62 


s 




N(CH 3 ) 2 


m.p. 215 - 217«C *5 


63 


s 




N(CH 3 ) 2 


m.p. 193 - 195°C (dec.) *5 


64 


s 


CI 


N(CH 3 ) 2 


m.p. 151 - 153°C *5 


65 


0 


^Q-ci 


N(CH 3 ) 2 


m.p. 226 - 228°C (dec.) *7 



*6) Recrystallized from methanol-diethyl ether 
*7) Recrystallized from methanol 
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Example 66 

To a mixture of 3-(4-chlorophenyl)-2,3-dihydro-1 H-naphtho[2,1 -b][1 ,4]thiazine (0.62 g), N,N- 
dimethylaniline (2 ml) and methylene chloride (15 ml) Is added in portions dlmethylaminoacetyl chloride 
hydrochloride (1 .26 g) under ice cooling. After the mixture is stirred at room temperature for 2 hours, to the 
reaction mixture is added aqueous sodium hydrogen carbonate solution, and the mixture is extracted with 
chloroform. The chloroform layer is washed, dried and distilled to remove the solvent. The residue is 
purified by silica gel column chromatography (CHCI 3 : methanol = 30 : 1) to give 3-(4-chlorophenyi)-1- 
(dimethylamino)acetyl-2.3-dihydro-1H-naphtho[2,1-b][1 f 4]thia2ine (0.36 g, 45 %) as caramel. 

The compound obtained above is dissolved in ether and thereto is added one equivalent of oxalic acid. 
The resulting precipitate is separated by filtration and is recrystallized from methanol-diethyl ether to give 3- 
(4-chlorophenyl)-1 -(dimethylamino)acety l-2,3-dihyro-1 H-naphtho[2,1 -b][1 ,4]-thiazine oxalate. 
M.p. 216- 218° C. (dec.) 

Example 67 

(1) To~a mixture of 3-(4-chlorophenyl)-2,3-dihydro-1 H-naphtho[2,1 -b][1 ,4]thiazine (1.50 g), sodium hy- 
drogen carbonate (1.0 g), methylene chloride (30 ml) and water (15 ml) is added dropwise with stirring a 
solution of acryloyl chloride (0.90 g) in methylene chloride (10 ml) under ice cooling. The mixture Is 
stirred at room temperature for 3 hours. The organic layer is separated, washed, dried and distilled to 
remove the solvent. The residue is chromatographed on silica gel (toluene : acetone = 50 : 1) to give 3- 
(4-chlorophenyl)-1-propenoyl-2 l 3-dihydro-1H-naphtho[2 i 1-b][1 l 4]thiazine (1 .37 g, 78 %) as powder. 

Mass (m/z): 365 (M + ) 

IR vmax 0l ( cnrl > : 1660 ' 1620 

(2) To a suspension of the compound obtained above (1.33 g) in tetrahydrofuran (10 ml) is added 
dropwise a 17 % solution of dimethylamine in methanol (15 ml). After the mixture is stirred at room 
temperature for one hour, the solvent is distilled off to give 3-(4-chlorophenyl>1-[3-(dimethylamino)- 
propionyl>2,3-dihyro-1 H-naphtho[2,1 -b][1 ,4]-thiazine (1 .39 g) as caramel. 

The compound obtained above is dissolved in ether, and thereto is added one equivalent of oxalic acid. 
The resulting precipitate is separated by filtration and recrystallized from methanol to give 3-(4- 
chlorophenyl)-1-[3-(dimethylamino)propionyl]-2,3-dihydro-1 H-naphtho[2,1-b]1 ,4]-thiazine oxalate. 
M.p. 217- 219° C. (dec.) 

Examples 69 to 70 

The corresponding starting materials are treated in the same manner as described in Example 24 to 
give the compounds as shown in Table 17. 
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Table 17 



Ex. 
NO. 




R 5 

M H 


R 5 


R 6 


M.p. 


69 


CH 3 


H 


179.5 - 181°C *1 


70 




H 


215.5 - 217. 5°C *1 



2Q *l) Recrystallized from tetrahydrof uran-n-hexane 

*8) Recrystallized from tetrahydrof uran-diisopropyl 
ether 

25 

Example 71 

(1) A mixture of 1H-naphtho[2,1-b][1,4]thiazrn-2(3H)-one (5.17 g), 4-chlorobenzaldehyde (5.62 g), sodium 
methoxide (1.73 g) and dimethylformamide (80 ml) is refluxed for 4.5 hours. After cooling, the reaction 
mixture is poured into water and the resulting precipitate is separated by filtration, washed and dried and 

30 then is recrystallized from tetrahydrof uran-n-hexane to give 3-(4-chlorobenzylidene)-1H-naphtho[2 f 1-b]- 
[1,4]thiazin-2(3H)-one (4.28 g). M.p. 277 - 279* C. 

(2) A mixture of the compound obtained above (4.0 g), 10 % palladium on charcoal (2.0 g), 
tetrahydrofuran (200 ml) and ethanol (40 ml) is stirred under hydrogen gas under atmospheric pressure 
for 3 hours. After the reaction is completed, 10 % palladium-carbon is removed by filtration, and the 

35 solvent is distilled off. The residue is recrystallized from ethyl acetate-n-hexane to give 3-(4-chloroben- 
zyl)-1H-naphtho[2,1-b][1,4]thiazin-2(3H)-one (3.20 g). M.p. 185 - 186* C. 
Example 72 

To a mixture of 1 -amino-2-naphthol (16.9 g), N.N-dimethylaniline (19.3 g) and tetrahydrofuran (200 ml) 
40 is added dropwise chloroacetyl chloride under ice cooling, and the mixture is stirred at the same 
temperature for one hour. To the reaction mixture is added ethyl acetate, and the ethyl acetate layer is 
washed, dried and distilled to remove the solvent. The resulting oil is dissolved in acetone (500 ml) and 
thereto is added potassium carbonate (75 g), and the mixture is refluxed for 2 hours, and acetone is distilled 
off. To the residue is added water, and the precipitate is separated by filtration, washed, dried and 
45 recrystallized from tetrahyrofuran to give 1H-naphtho[2,1-b][1,4]oxazin-2(3H)-one (13.1 g). M.p. 219 - 
220.5" C 

Example 73 

(1) To~~a solution of 3-(4-chIorophenyl)-1H-naphtho-[2,1-b][1,4]thiazin-2(3H)-one (10.0 g) and 96 % 
so sodium hydroxide (1.96 g) in dimethylsulf oxide (150 ml) is added 1-bromo-3-ch!oropropane (6.78 g) 

under ice cooling, and the mixture is stirred at room temperature overnight. The reaction mixture is 
poured into water, and the mixture is extracted with ethyl acetate. The ethyl acetate layer is washed and 
distilled to remove the solvent The residue is purified by silica gel column chromatography (eluent; n- 
hexane : ethyl acetate = 5:1) and further is recrystallized from methanol to give 3-(4-chlorophenyl)-1- 
55 (3-chloropropyl)-1 H-naphtho[2,1 -b][1 ,4]thiazin-2(3H)-one (8.04 g). M.p. 1 1 0 - 1 1 2.5 * C. 

(2) A mixture of the compound obtained above (1.0 g), diethylamine (3.72 g), sodium iodide (1.5 g), 
potassium carbonate (1.8 g) and acetone (50 ml) is refluxed overnight. The reaction mixture is distilled to 
remove the solvent, and to the residue is added water, and the mixture is extracted with ethyl acetate. 
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The extract is distilled to remove the solvent- The residue is purified by silica gel column chromatog- 
raphy (eluent; chloroform : methanol = 20 : 1) to give 3-(4^:hlorophenyl)-1-[3-(diethylamino)propyll-1H- 
naphtho[2,1-b][1 ,4]thiazin-2(3H)-one as oil. 

To a solution of the compound obtained above in ether is added one equivalent of oxalic acid, and the 
5 resulting precipitate is separated by filtration and recrystallized from ethanol-diethyl ether to give 3-(4- 
chlorophenyl)-1-[3-(diethylamino)propyl]-1H-naphtho[2 i 1-b][1,4]thia2in-2(3H)-one oxalate (0.75 g). M.p. 190.5 
- 192.5*0. (dec.) 

Examples 74 to 75 

10 (1) The compound obtained in Example 24 is treated in the same manner as described in Example 73 to 
give the compounds as shown in Table 18. 



IS 




Table 18 






Ex . 
Mo. 




TT S 

(CH 2 ) 3 -N V 
R 


20 




(f 


25 






M.p. etc. 


30 


74 


/ CH 3 
-< 


hydrochloride: 

224.5 - 227°C *5 


35 


75 


-N N 


oxalate: 

184.5 - 187. 5°C (dec.) *3 


40 


*3) 
*5) 


Recrystallized from ethanol 
Recrystalli2ed from ethanol-diethyl ether 



Example 76 

45 A mixture of 3-(3-trifluoromethy[phenyl)-1H-naphthot2 t 1-b][1 ( 4]thiazin-2(3H)-one (18.0 g), potassium car- 
bonate (24.2 g), 3-(dimethylamino)propyl chloride hydrochloride (9.5 g), acetone (400 ml) and water (4 ml) 
is refluxed for 48 hours. The insoluble materials are filtered off and acetone is distilled off, and to the 
residue are added ethanol (200 ml) and 10 % hydrochloric acid (100 ml), and the mixture is refluxed for one 
hour. After ethanol is distilled off and the insoluble materials are filtered off, the resulting mixture is made 

so alkaline with sodium hydrogen carbonate and extracted with ethyl acetate. The extract is distilled to remove 
the solvent to give 1-[3-(dimethylamino)propyl]-3-(3-trifluoromethylphenyl)-1H-naphtho[2,1-b][1,4]thia2in-2- 
(3H)-one as oil. 
Mass (rn/z):444(M*) 

To a solution of the compound obtained above in ether is added one equivalent of oxalic acid, and the 
55 resulting precipitate is separated by filtration and recrystallized from ethanol-diethyl ether to give 1-[3- 
(dimethylamino)propyl]-3-(3-trifluoromethylphenyl)-1 H-naphtho[2,1 -b][1 ,4]thiazin-2(3H)-one oxalate (1 6.23 g). 
M.p: 130- 133 °C. 
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Examples 77 to 87 

The compounds obtained in Examples 24, 25B, 26, 28-29, 69-72 are treated in the same manner as 
described in Example 76 to give the compounds as shown in Tables 19 to 21 . 



Table 19 



Ex. 
NO. 














A-N 

CH 3 








R« 


A 


M.p. 


77 

/ 9 




H 


-(CH 2 ) 3 - 


oxalate: 163-165°C *5 


78 


CH 3 




i *-**2 * 3 


oxalate: 169-170°C *5 


79 




H 


-(CH 3 ) 3 - 


oxalate: 93°C (dec.) *9 


DV 




H 


-(CH 2 ) 2 - 


oxalate: 

220-221. 5°C (dec.) *7 


81 


W 


H 


"(CH 3 ) 3 - 


oxalate: 

235-236. 5°C (dec.) *6 


82 


-Q. 


H 


"(CH 2 ) 3 - 


oxalate: 

190-192. 5°C (dec.) *3 


83 




H 


-(CH 2 ) 2 - 


hydrochloride : 

208. 5-211. 5°C *9 


84 




H 


-(CH 2 ) 3 - 


hydrochloride: 
183-185. 5°C *5 


85 | 




H 


-(CH 2 ) 3 - 


hydrochloride: 
219-222°C *5 



*3) Recrystallized from ethanol 

*5) Recrystallized from ethanol-diethyl ether 

*6) Recrystallized from methanol-diethyl ether 

*7) Recrystallized from methanol 

*9) Recrystallized from ethyl acetate 
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Table 20 



Ex. 
No. 




R 5 

A-N v • oxalate 
R 


R 5 


A 


R H 


M .p. 


86 | 


- CH 2"O hC1 


-(CH 2 ) 3 - 


✓ CH 3 
CH 3 


174-176°C (dec.) *3 



*3) Recrystallized from ethanol 



Table 21 



Ex. 
No. 


(T 


A 1 /CH 3 
^ (CH 2 ) 3 -N. • HC1 
CH 3 


R 5 


M • p« 


87 


H . 


136. 5-139. 5°C *5 



*5) Recrystallized from ethanol-diethyl ether 



45 Example 88 

To a mixture of 3-(4-chlorophenyl)-1-[3-(methyte 

(1.79 g), potassium carbonate (2.18 g) and acetone (50 ml) Is added allyl bromide (0.65 g) under ice 

cooling, and the mixture is stirred at room temperature overnight. The insoluble materials are filtered off and 
so acetone is distilled off, and the oily residue is purified by silica gel column chromatography (eluent, 

chloroform : methanol = 20 : 1) to give 1-t3-(N-allyl-N-methylamino)propy!h3-(4-chlorophenyl)-1H-naphtho- 

[2.1 -b][1 ,4]thiazin-2(3H)-one as oil. 

To a solution of the compound obtained above in ether is added one equivalent of oxalic acid, and the 

resulting precipitate is separated by filtration and recrystallized from ethanol-diethyl ether to give 1-[3-(N- 
55 ally l-N-methyfamino)propyl]-3-(4-chlorophenyl)-1 H-naphtho[2,1 -b][1 ,4]thiazin-2(3H)-one oxalate (1 .52 g). 

M.p. 172.5 -175.5 "C. (dec.) 

Example 89 
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The compound obtained in Example 74 is treated in the same manner as described in Example 88 to 
give 3-(4-chlorophenyl)-1 -(3-[N-methyl-N-(2-propynyl)amino]propyl]-1 H-naphtho-[2,1 -b][1 ,4]thiazin-2(3H)- 
one. 

Oxalate: m.p. 166 - 169* C (dec, recrystallized from ethanol-diethyl ether). 

6 

Example 90 

(1) To~~a solution of (i)-2-(4-chlorophenyl)-3,4-dihydro-2H-1 l 4-benzothiazine (10.01 g, 0.038 mole) in 
pyridine (150 ml) is added (S)-N-(2-naphthalenesulfonyl)prolyl chloride (18.57 g, 0.057 mole), and the 
mixture is stirred at room temperature for 4 hours. To the reaction mixture is added ethyl acetate, and 

io the mixture is washed with 5 % hydrochloric acid, water, aqueous sodium hydrogen carbonate solution, 
water and saline in this order, and the ethyl acetate layer is separated, dried over sodium sulfate and 
distilled to remove the solvent. The resulting caramel is subjected to silica gel column chromatography 
(hexane : ethyl acetate = 5:1-3:1). From the fraction eluted first there is obtained (R)-2-(4- 
chlorophenyl)-4-[(S)-N-(2-naphthalenesulfonyl)pra^^ (10.75 g, 51 %) as 

T5 crystals. M.p. 147 - 151 ° C. 

Besides, from the fraction eluted subsequently there is obtained (S)-2-(4-chlorophenyl)-4-[(S)-N-(2- 
naphthalenesulfonyl)prolyl]-3.4-dihydro-2H-1,4-ben20thia2ine (7.58 g, 36 %) as crystals. M.p. 171 - 
174.5*C. 

(2) (R)-2-(4-Chlorophenyl)-4-[(S)-N-(2-naphthalenesulfonyl)prolyl]-3,4-dihydro-2H-1 ,4-benzothiazine (9.40 
20 g, 0.017 mole) is suspended in ethanol-water (10 : 1, 188 ml), and thereto is added 86 % potassium 

hydroxide (11.2 g, 0.172 mole), and the mixture is refluxed for 30 minutes. The reaction mixture is 
poured into ice water and the mixture is extracted with ethyl acetate. The ethyl acetate layer is washed 
with water and saline, dried over sodium sulfate and distilled to remove the solvent The residue is 
purified by silica gel column chromatography (CHCI3) and thereafter recrystallized from ethyl acetate- 

25 hexane twice to give (R)( + )-2-(4-chlorophenyl)-3 f 4-dihydro-2H-1,4-benzothiazine (2.61 g, 58 %). 
M.p. 151 - 153" C. 
[a]§° +38.0* (c = 1.0, CHCI3). 

In the same manner as described above, (S)-2-(4-chlorophenyl}-4-[(S)-N-(2-naphthaJenesulfonyl)- 
prolyl>3,4-dihydro-2H-1 ,4-benzothiazine (7.26 g, 0.0132 mole) is treated to give (S)-(-)-2-(4~ 

30 chlorophenyl)-3.4-dihydro-2H-1 ,4-benzothiazine (2.45 g, 71 %). M.p. 151 - 152.5*C. 
[a]g°-38.4* (c = 1.0, CHCI3). 

(3) To a suspension of (RH + )-2-(4-chlorophenyl)-3,4-dihydro-2H-1 ,4-benzothiazine (1.30 g, 0.005 mole) 
and triethylamine (1.66 ml, 0.012 mole) in dichloromethane (16 ml) is added dropwise a solution of 
chloroacetyl chloride (0.79 ml, 0.01 mole) in dichloromethane (4 ml) under ice cooling, and the mixture is 

35 stirred at room temperature for 45 minutes. After the solvent is distilled off, to the residue are added 
ethyl acetate and water, and the ethyl acetate layer is washed with aqueous sodium hydrogen carbonate 
solution, water and saline, dried over sodium sulfate and distilled to remove the solvent to give (R)-4- 
chloroacetyl-2-(4-chlorophenyl)-3,4-dihydro-2H-1 ,4-benzothiazine (1 .84 g) as caramel. 
A mixture of the above-obtained compound, diethylamine (8 ml), sodium iodide (1.49 g, 0.01 mole) and 
40 tetrahydrofuran (24 ml) is stirred at room temperature for 30 minutes, and the volatiles are distilled off. To 
the residue are added ethyl acetate and aqueous sodium hydrogen carbonate solution, and the ethyl 
acetate layer is washed with water and saline, dried over sodium sulfate and distilled to remove the solvent. 
The residue is purified by silica gel column chromatography (CHCI3 : methanol = 50 : 1) to give (R)-( + )-2- 
(4-chlorophenyl)-4-diethylaminoacetyl-3,4-dihydro-2H-1 ,4-benzothiazine (1.74 g, 94 %) as caramel. Mass 
45 (m/z): 376. 374 (M*) 

Oxalate (recrystallized from ethanol): 
M.p. 133 - 135° C (decomp.) 
[ag 0 +111.9* (c = 1.0, H 2 0). 

In the same manner as described above, (S>-(-)-2-(4-chlorophenyl)-3,4-dihydro-2H-1 ,4-benzothiazine 
50 (1.30 g, 0.005 mole) is treated to give (S)-(-)-2-(4-chlorophenyl)-4-diethylaminoacetyl-3,4-dihydro-2H-1 ,4- 
benzothiazine (1.72 g, 92 %) as caramel. Mass (m/z): 376, 374 (M*) 

Oxalate (recrystallized from ethanol): 
M.p. 133 - 135° C (decomp.) 
[ag° +112.6* (c = 1.0, H 2 0). 

55 

Example 91 

(±)-2-(4-Chlorophenyl)-4-diethylaminoacetyl-3,4-dihydro-2H-1 ,4-benzothiazine (68.54 g, 0.183 mole) and 
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(2S, 3S)-3-[(5-chloro-2-nitrophenyl)thio]-2-hydro^ acid (70.16 g, 0.183 mole) 

are dissolved in ethyl acetate (one liter), and the mixture is concentrated to about 500 ml and then allowed 
to stand. The resulting precipitate is separated by filtration and recrystallized from ethyl acetate twice to 
give a salt of (RHsomer (30.80 g) as crystals. M.p. 153 - 154° C. 

5 The above-obtained compound is treated with diethyl ether-aqueous sodium hydrogen carbonate 
solution to convert into free base. The product is treated with HCI-ethanol to convert into hydrochloride. This 
product is recrystallized from ethanol-diethyl ether to give (R)-( + )-2-(4-chlorophenyl)-4-diethylaminoacetyl- 
3,4-dihydro-2H-1 ,4-benzothiazine hydrochloride (12.88 g, 17 %) as crystals. 
M.p. 211.5-212.5*C. 

w tag 0 +128.6* (c = 1.0, H 2 0) 

In the same manner as described above except that (2R, 3R)-3-[(5-chioro-2-nitrophenyl)thio>2-hydroxy- 
3-(4-methoxyphenyl)propionic acid is used as the resoluting agent, there is obtained (S)-(-)-2-(4- 
chlorophenyl)-4-diethyiaminoacetyl-3 I 4-dihydro-2H-1 ,4-benzothiazine hydrochloride. 
M.p. 211 -212.5* C 

16 [a]g° -126.5* (c = 1.0, H 2 0) 

Example 92 

(1) A mixture of 3-[4-chlorophenyl)-2,3-dihydro-1H-naphtho[2,1-b][1,4]thiazine (25.0 g, 0.080 mole), (S)-N- 
(2-naphthalenesulfonyl)propyi chloride (25.96 g, 0.080 mole) and benzene (800 ml) is stirred at 60 *C for 

20 24 hours. The insoluble materials are removed by filtration, and to the filtrate is added ethyl acetate, and 
the mixture is washed with 5 % hydrochloric acid, water, aqueous sodium hydrogen carbonate solution, 
water and saline in this order, and the ethyl acetate layer is dried over sodium sulfate and distilled to 
remove the solvent. The residue is subjected to silica gel column chromatography (ethyl acetate : 
hexane = 1:3). From the fraction eluted first there is obtained (R)-3-(4-chlorophenyl)-1-[(S)-N-(2- 

25 naphthalenesulfony l)prolyl]-2,3-dihydro-1 H-naphtho[2,1 -b][1 ,4Jthiazine (1 1 .97 g, 25 %) as caramel. 

Mass (m/z): 600, 598 (M + ) 

IR cm-1: 1680 

Besides, from the fraction eluted subsequently there is obtained (S)-3-(4-chlorophenyl)-1-[(S)-N-(2- 
naphthalenesulfonyOprolyll^.S-dihydro-IH-naphthop.l-bHl^lthiazine (12.13 g, 25.3 %) as crystals. M.p. 
35 204- 205 *C. 

(2) A mixture of (R)-3-(4-chlorophenyl)-1-[(S)-N-(2-naphthalenesulfonyl)prolyl>2,3-dihydro-1H-naphtho- 
[2,1-b][1,4]thiazine (11.50 g f 0.019 mole), 86 % potassium hydroxide (15.0 g, 0.227 mole) and ethanol- 
water (10 : 1, 230 ml) is refluxed under argon for one hour. The reaction mixture is poured into ice water 
and the mixture is extracted with ethyl acetate. The ethyl acetate layer is washed with water and saline, 

40 dried over sodium sulfate and distilled to remove the solvent. The residue is purified by silica gel column 
chromatography (CHCb) and thereafter recrystallized from ethyl acetate-hexane to give (RH + )-3-(4- 
chlorophenyl)-2,3-dihydro-1H-naphtho[2 f 1-b][1,4]thiazine (3.74 g, 63 %). M.p. 205 - 206* C. 
[a]§° +121.7* (C = 1.0, CHCb). 

In the same manner as described above, (S)-3-(4-chlorophenyl)-1-[(S)-N-(2-naphthalenesulfonyl)- 

45 prolyl]-2,3-dihydro-1H-naphtho[2,1-b][1,4]thiazine (11.50 g. 0.019 mole) is treated to give (S)-(-)-3-(4- 
chlorophenyl)-2,3-dihydro-1H-naphtho[2.1-b][1,4]thiazine (3.09 g, 52 %). 
M.p. 206- 207 *C. 
tag 0 -121.1* (c = 1.0, CHCb). 

(3) To a suspension of (R)-( + )-3-(4-chlorophenyl)-2,3-dihydro-1H-naphtho[2,1-b][1 l 4]thiazine (2.0 g, 
so 0.0064 mole) and triethylamine (2.1 ml, 0.015 mole) in dichloromethane (30 ml) is added dropwise a 

solution of chloroacetyl chloride (1.0 ml, 0.0126 mole) in dichloromethane (5 ml) under ice cooling, and 
the mixture is stirred at room temperature for 45 minutes. After the volatiles are distilled off, to the 
residue are added ethyl acetate and water, and the ethyl acetate layer is washed with aqueous sodium 
hydrogen carbonate solution, water and saline, dried over sodium sulfate and distilled to remove the 
55 solvent. The residue is purified by silica gel column chromatography (ethyl acetate : hexane = 1 : 4) to 
give (R)-1-chloroac«tyl-3-(4-chlorophenyl)-2,3-dihydrch1H-naphtho[2,1-b][1,4]thiazine (2.40 g, 96 %) as 
caramel. 

A mixture of the above-obtained compound (1.20 g, 0.0031 mole), sodium iodide (0.93 g, 0.0062 mole) 
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and 10 % solution of dimethylamine in tetrahydrofuran (25 ml) is stirred at room temperature for 5.5 hours, 
and the solvent is distilled off. To the residue are added ethyl acetate and aqueous sodium hydrogen 
carbonate solution, and the ethyl acetate layer is washed with water and saline, dried over sodium sulfate 
and distilled to remove the solvent. The residue is purified by silica gel column chromatography (CHCb : 

5 methanol = 50 : 1) to give (RH + J-a-f^hlorophenylJ-l^imemylaminoacetyl-a.S^lihydro-IH-naphthop.l-b]- 
[1,4]thiazine (1.15 g, 94 %) as caramel. Mass (m/z): 398, 396 (M*) 

Oxalate (recrystallized from methanol-diethyl ether): 
M.p. 215.5 - 216.5* C. (decomp.) 
[og° +297.0* (c = 1.0, DMF) 

10 In the same manner as described above, (S)-(-)-3-(4-chlorophenyl)-2 t 3-dihydro-1H-naphtho[2,1-b][1 l 4]- 
thiazine (0.98 g, 0.0031 mole) is treated to give (S)-(-)-3-(4-chlorophenyl)-1 -dimethy lam inoacety 1-2,3- 
dihydro-1 H-naphtho[2.1 -b][1 ,4]thiazine (1 .1 9 g, 95.0 %) as caramel. Mass (m/z): 398, 396 (M*) 

Oxalate (recrystallized from methanol-diethyl ether): 
M.p. 215 - 216.5*0. (decomp.) 

is [all 0 -296.6* (c = 1.0, DMF) 

Example 93 

The corresponding starting material is treated in the same manner as described in Example 92, there is 
20 obtained (R)-( + )-and (S)-(-)-3-(4-chloropheny l)-1 -diethylaminoacetyl-2,3-dihydro-1 H-naphtho[2,1 -b][1 ,4]- 
thiazine oxalate. 

(R)-( + )-isomer (oxalate: recrystallized from acetone): 
M.p. 137-140*0. 
[a]§° +322.7' (c = 1.0, methanol) 
25 (S)-(-)-isomer (oxalate: recrystallized from acetone): 
M.p. 138-140.5 * 0. 
[a]g°-321.7* (c = 1.0, methanol) 

Example 94 

30 

(±)-1-Dimethylaminopropyl-3-(3-tri^^ (7.53 g, 

0.0169 mole) and (2R, 3R)-3-[(5-chloro-2-nitrophenyl)thio]-2-hydroxy-3-(4-methoxyphenyl)propionic acid 
(6.50 g, 0.0169 mole) are dissolved in ethyl acetate, and the mixture is concentrated and thereto is added 
diethyl ether, and the mixture is allowed to stand overnight. The resulting precipitate is separated by 
35 filtration and recrystallized from ethyl acetate twice to give a salt of ( + )-isomer (3.04 g, 22 %) as crystals. 
M.p. 147 - 148* C. 

The above-obtained compound (2.80 g) is stirred in diethyl ether-aqueous sodium hydrogen carbonate 
solution. The diethyl ether layer is washed with water, dried and distilled to remove the solvent to give ( + )- 
1 -dimethy laminopropyl-3-(3-trifluoromethylphenyl)-1H-naphtho[2,1-b][1,4]thiazin-2(3H)-one (1.42 g, 94 %) as 
40 oil. 

Mass (m/z): 444 (M + ) 

45 

« *2S fc cm " 1; 1670 

[a]J0 +80.1° (C = 1.0, CHCI3). 

Oxalate: 
M.p. 101 - 104*0. 
[a]g° +115.9* (c = 1.0, methanol) 
55 In the same manner as described above except that (2S, 3S)-3-[(5-chloro-2-nitrophenyl)thio]-2-hydroxy- 
3-(4-methoxyphenyl)propionic acid is used as the resolving agent, there is obtained (-)-1- 
dimethylaminopropyl-3-(3-trifluoromethylphenyl)-1 H-naphtho[2,1-b][1 ,4]thiazin-2(3H)-one as oil. 
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Mass (m/z): 444 (M + ) 

{a]2° -80.5° (c = 1.0, CHC1 3 ) 



10 Oxalate: 

M.p. 102- 106° C. 

-118.6° (c = 1.0, methanol) 

[Preparation of starting materials] 

Reference Example 1 

To a suspension of 2-aminothiophenol (12.6 g) and sodium acetate (23.6 g) in ethanot (150 ml) is added 
methyl orbromo-4~fluorophenyIacetate (23.6 g), and the mixture is stirred at room temperature overnight 
20 After the solvent is distilled off, water is added to the residue. The resulting precipitate is separated by 
filtration, washed, dried, and then recrystallized from tetrahydrofuran-n-hexane to give 2-(4-fIuorophenyl)-3- 
oxo-3,4-dihydro-2H-1 ,4-benzothiazine (21 .7 g) as crystals. M.p. 21 6 - 21 9 " C. 

Reference Examples 2 to 4 

25 

The corresponding starting materials are treated in the same manner as described in Reference 
Example 1 to give the compounds as shown in Table 22. 

Table 22 

30 



Ref . Ex . 
No. 




oaf 

H 




R5 


M.p. (solvent for recrystal.) 


2 


^ L -CF 3 


159 - 161. 5°C (tetrahydrofuran- 
n-hexane) 


3 




227 - 229°C (tetrahydrofuran- ! 
n-hexane) 


4 




199 - 201°C (tetrahydrofuran- 
n-hexane) 



Reference Example 5 

55 To a solution of 2-amino-5-chlorothiophenol (4.49 g) in ethanol (30 ml) is added 96 % potassium 
hydroxide (1.63 g), and the mixture is distilled to remove ethanol. The resulting solid material is suspended 
in toluene (70 ml) and thereto is added methyl a-bromo-4-chlorophenylacetate (7.38 g), and the mixture is 
refluxed overnight. The reaction mixture is concentrated, and the resulting precipitate is separated by 
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filtration, washed, dried, and then recrystallized from tetrahydrofuran-n-hexane to give 7-chloro-2-(4- 
chlorophenyl)-3-oxo-3,4-dihydro-2H-1 ,4-benzothiazine (6.58 g) as crystals. 
M.p. 230 - 233.5 *C. 

Reference Example 6 

To a soltuion of 2-ch!oro-3-oxo-3,4-dihydro-2H-1 l 4-benzothiazine (9.38 g) and thiophene (7.91 g) in 
methylene chloride (250 ml) is added in portions stannic chloride (12. 2 g) at 0 to 5* C. After stirring at the 
same temperature for 45 minutes, the mixture is poured into ice water, and the organic layer is separated. 
The aqueous layer is extracted with ethyl acetate, and the ethyl acetate layer is combined with the above 
organic layer and distilled to remove the solvent. The resulting solid material is recrystallized from ethanol 
to give 3-oxc-2-(2-thienyl)-3,4-dihydro-2H-1 ,4-benzothiazine (8.17 g) as crystals. 
M.p. 174- 177* C. 

Reference Example 7 

The corresponding starting materials are treated in the same manner as described in Reference 
Example 6 to give the compound as shown in Table 23. 

Table 23 



Ref. Ex. 
No. 


H 


R5 


M.p. (solvent for recrystal.) 


7 




246,5 - 247. 5°C ( tetrahydrof uran- 

ethanol) 



Reference Example 8 

To a solution of 2-aminophenol (13.5 g) in ethyl acetate (150 ml) is added a solution of sodium 
hydrogen carbonate (15 g) in water (300 ml), and to the mixture is added dropwise a solution of a-bromo-4- 
chlorophenylacetyl chloride (32.2 g) in toluene with vigorous stirring under ice cooling. After the mixture is 
stirred at room temperature for one hour, the solvent in the organic layer is distilled off and the residue is 
dissolved in acetone. To the solution is added potassium carbonate (20 g), and the mixture is stirred at 
room temperature overnight. The solvent is distilled off and to the residue is added water. The mixture is 
extracted with ethyl acetate. The ethyl acetate layer is washed, dried and distilled to remove the solvent, 
and the residue is recrystallized from ethyl acetate-n-hexane to give 2-(4-chlorophenyl)-3-oxo-3,4-dihyro-2H- 
1,4-benzoxazine (24.0 g) as crystals. M.p. 180.5 - 181.5 °C. 

Claims 

1. A thiazine or oxazine derivative of the following formula [I]: 
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5 



10 




wherein R 1 and R 2 are both hydrogen atom or form a naphthalene ring together with the benzene ring; 
R 3 and R 4 are both hydrogen atom, or one of them is a halogen atom and another is hydrogen atom; X 
is sufur atom or oxygen atom; R 5 and R G are the same or different and are each i) hydrogen atom t ii) a 

75 lower alkyl, iii) a cycloalkyl. iv) a substituted phenyl, v) naphthyl, vi) a lower alkyl which is substituted 
by a substituted or unsubstituted phenyl, or vii) a sulfur-containing monoheterocyclic group; one of Z 1 
and Z 2 is oxygen atom and another is two hyrogen atoms; A is a lower aJkylene; R 7 and R 8 are the 
same or different and are each i) hydrogen atom, ii) a lower alkyl, iii) a lower alkenyl. iv) a lower 
aikynyl, or v) a lower alkyl which is substituted by a substituted or unsubstituted phenyl, or both form 

20 together with the adjacent nitrogen atom a nitrogen-containing monoheterocyclic group; provided that 
when both of R 1 and R 2 are hydrogen atom. Z 2 is oxygen atom and either one of R s and R 6 is a 
substituted phenyl, naphthyl or a sulfur-containing monoheterocyclic group, or a pharmaceutically 
acceptable salt thereof. 

25 2. The compound according to claim 1, wherein R 3 and R 4 are both hydrogen atom; R s and R 6 are the 
same or different and are each i) hydrogen atom, ii) a lower alkyl, iii) a cycloalkyl, iv) a phenyl having 1 
or 2 substituents selected from a halogen atom, a trihalogeno(lower)alkyl and a lower alkyl, v) naphthyl, 
or vi) thienyl; and R 7 and R 8 are the same or different and are each i) hydrogen atom, it) a lower alkyl, 
iii) a lower alkenyl, or iv) a lower aikynyl, or both form together with the adjacent nitrogen atom a 

30 nitrogen-containing monoheterocyclic group selected from morpholinyl, pyrrolidinyl and piperidyl; 
provided that when both of R 1 and R 2 are hydrogen atom, Z 2 is oxygen atom and either one of R s and 
R 6 is i) a phenyl having 1 or 2 substitutents selected from a halogen atom, a trihalogeno(lower)alkyl and 
a lower alkyl, ii) naphthyl or iii) thienyl. 

35 3. The compound according to claim 1 , wherein one of R 5 and R c is hydrogen atom and another is i) a 
cycloalkyl, ii) a phenyl having 1 or 2 substituents selected from a halogen atom, a trihalogeno(lower)- 
alkyl and a lower alkyl, iii) naphthyl, or iv) a halogenophenyl-substituted lower alkyl; and R 7 and R 8 are 
the same or different and are each i) hydrogen atom, ii) a lower alkyl, iii) a lower alkenyl, iv) a lower 
aikynyl, or v) a lower alkyl substituted by a di(iower)alkoxyphenyl, or both form together with the 

40 adjacent nitrogen atom a nitrogen-containing monoheterocyclic group selected from morpholinyl, 
pyrrolidinyl. piperidinyl and imidazolyl; provided that when both of R 1 and R 2 are hydrogen atom. Z 2 is 
oxygen atom and either one of R 5 and R 6 is i) a phenyl having 1 or 2 substitutents selected from a 
halogen atom, a trihalogeno(iower)alkyl and a lower alkyl, or ii) naphthyl. 

45 4. The compound according to claim 1, wherein R 3 and R 4 are both hydrogen atom; one of R s and R s is 
hydrogen atom and another is i) a cycloalkyl, ii) a phenyl having 1 or 2 substituents selected from a 
halogen atom, a trihalogeno(lower)alkyl and a lower alkyl, or iii) naphthyl; and R 7 and R 8 are the same 
or different and are each i) hydrogen atom, ii) a lower alkyl, iii) a lower alkenyl, or iv) a lower aikynyl, or 
both form together with the adjacent nitrogen atom piperidyl; provided that when both of R 1 and R 2 are 

so hydrogen atom, Z 2 is oxygen atom and either one of R 5 and R e is i) a phenyl having 1 or 2 
substitutents selected from a halogen atom, a trihalogeno(lower)alkyl and a lower alkyl, or ii) naphthyl. 

5- The compound according to claim 4, wherein X is sulfur atom. 

55 6. The compound according to claim 5, wherein one of R 5 and R s is hydrogen atom and another is 
halogenophenyl or a trihalogeno(!ower)alkylphenyl, and R 7 and R 8 are the same or different and are 
each a lower alkyl. 



40 



EP 0 441 539 A2 



7. The compound according to claim 5, wherein one of R 5 and R 6 is hydrogen atom and another is 
chlorophenyl or trffluoromethylphenyl, and R 7 and R 8 are both methyl or ethyl. 

a 2-(4-Chlorophenyl)-4-(diethylamino)acetyl-3 f 4-dihydro-2H-1,4-benzothiazine or a pharmaceutical^ ac- 
5 ceptable salt thereof. 

9. 3-(4-Chlorophenyl)-1-(die^ or a pharmaceuti- 

cally acceptable salt thereof. 

10 10. 1-[3-(dimethylamino)propyl>3-(3-trifluoromethylphenyl)-1 H-naphtho[2,1-b][1 ,4]thiazin-2(3H)-one or a 
pharmaceutically acceptable salt thereof. 

11. A pharmaceutical composition which comprises an amount of a thiazine or oxazine as claimed in any 
one of the preceding claims in admixture with a pharmaceutically acceptable carrier or diluent. 

75 

12. A process for preparing a thiazine or oxazine derivative of the following formula [I]: 



20 



25 




wherein R 1 and R 2 are both hydrogen atom or form a naphthalene ring together with the benzene ring; 

30 R 3 and R 4 are both hydrogen atom, or one of them is a halogen atom and another is hydrogen atom; X 
is sufur atom or oxygen atom; R 5 and R e are the same or different and are each i) hydrogen atom, ii) a 
lower alkyl, iii) a cycloalkyl, iv) a substituted phenyl, v) naphthyl, vi) a lower alky! which is substituted 
by a substituted or unsubstituted phenyl, or vii) a sulfur-containing monoheterocyclic group; one of Z 1 
and Z 2 is oxygen atom and another is two hydrogen atoms; A is a lower alkylene; R 7 and R 8 are the 

35 same or different and are each i) hydrogen atom, ii) a lower alkyl, iii) a lower alkenyl, iv) a lower 
alkynyl, or v) a lower alkyl which is substituted by a substituted or unsubstituted phenyl, or both form 
together with the adjacent nitrogen atom a nitrogen-containing monoheterocyclic group; provided that 
when both of R 1 and R 2 are hydrogen atom, Z 2 is oxygen atom and either one of R 5 and R s is a 
substituted phenyl, naphthyl or a sulfur-containing monoheterocyclic group, or a pharmaceutically 

40 acceptable salt thereof, which comprises the steps of 
(a) reacting a compound of the formula: 
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HI) 



wherein R\ R 2 , R 3 , R\ R 5 , R s , X and Z 1 are as defined above or a salt thereof with a compound of 
the formula: 

65 Y^-CfZ^-A-Y 1 [III] 

wherein Y 1 and Y 2 are the same or different and are each a reactive residue, and A and Z 2 are as 
defined above, to give a compound of the formula: 
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tiv} 



wherein R\ R 2 , R 3 , RS R 5 , R 6 , X, A, Z 1 , Z 2 , and Y 1 are as defined above, and then reacting the 
above compound [IV] with an amine compound of the formula: 



HN 




[V] 



wherein R 7 and R 8 are as defined above, or a salt thereof, or 

(b) reacting the compound of the formula [II] or a salt thereof with a compound of the formula: 



wherein Y 3 is a reactive residue, and Z 2 , A, R 7 and R 8 are as defined above, or 
(c) in case of the compound [I] wherein A is ethylene, Z 1 is two hydrogen atom, and Z 2 is oxygen 
atom, reacting the compound of the formula [II] or a salt thereof with an acrylic acid compound of 
the formula: 

Y^CO-CH » CH 2 [VII] 

wherein Y 2 is as defined above, to give a compound of the formula: 



wherein R 1 , R 2 , R 3 , R\ R 5 , R e t and X are as defined above, and then reacting the above compound 
[VIII] with an amine compound [V], or a salt thereof, or 

(d) in case of the compounds [I] wherein at least one of R 7 and R a is a lower alkyl. a lower alkenyl, a 
lower alkynyl, or a lower alkyl which is substituted by a substituted or unsubstrtuted phenyl, reacting 
a compound of the formula: 



Y 3 -C(Z 2 )-A-N 




[VI] 




R 



[VIII] 



CO-CH=CH 2 
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U-aJ 



R * C-A-NC 



R71 
H 



wherein R 1 , R 2 , R3. R*, R*. R*. x, A, Z\ end 2? are as defined above, and R 7 ' is hydrogen atom, a 
lower alkyl. a lower alkenyl. a tower alkynyl. or a tower alkyl which is substituted by a substituted or 
unsubstituted phenyl, or a salt thereof with a compound of the formula: 

R 8, -Y* [IX] 



wherein R*Hs a lower alkyl. a lower alkenyl. a lower alkynyl. or a lower alkyl which is substituted by 
a substituted or unsubstituted phenyl, and Y* is a reactive residue. 

optionally followed by converting the compound [I] in the free form into a pharmaceutical^ 
acceptable salt thereof. 



13. A compound of the formula: 




[Il-a] 



wherein X' is suffur atom or oxygen atom; R*' and fV" are the same or different and are each i) 
hydrogen atom, ii) a lower alkyl. iii) a cycloalkyl. iv) a substituted phenyl, v) naphthyl. vi) a lower alkyl 
wh.ch is substituted by a substituted or unsubstituted phenyl, or vii) a sulfur-containing mon- 
oheterocyclic group; Z" is oxygen atom or is two hydrogen atoms; provided that when Z" is two 
hydrogen atoms and R«< and R" are both hydrogen atom. X 1 is sulfur atom, or a salt thereof. 

Claims for the following Contracting States: GR.ES 

1. A process for preparing a pharmaceutical composition which comprises admixing a thiazine or oxazine 
denvative of the following formula [I]: 



R 6 HI 



R l I / 

Z* R B 



wherein R and R 2 are both hydrogen atom or form a naphthalene ring together with the benzene ring- 
. and R m botn hydrogen atom, or one of them is a halogen atom and another is hydrogen atom- X 
is sufur atom or oxygen atom; H 5 and R 6 are the same or different and are each i) hydrogen atom ii) a 
lower alkyl. in) a cycloalkyl, iv) a substituted phenyl, v) naphthyl. vi) a lower alkyl which is substituted 
by a substituted or unsubstituted phenyl, or vii) a sulfur-containing monoheterocyclic group; one of Z' 
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and Z 2 is oxygen atom and another is two hyrogen atoms; A is a lower alkylene; R 7 and R 8 are the 
same or different and are each i) hydrogen atom, ii) a lower alkyl, iii) a lower aikenyl, iv) a lower 
alkynyl, or v) a lower alkyl which is substituted by a substituted or unsubstituted phenyl, or both form 
together with the adjacent nitrogen atom a nitrogen-containing monoheterocyclic group; provided that 
5 when both of R 1 and R 2 are hydrogen atom, Z 2 is oxygen atom and either one of R 5 and R 6 is a 

substituted phenyl, naphthyl or a sulfur-containing monoheterocyclic group, or a pharmaceutically 
acceptable salt thereof, with a pharmaceutically acceptable carrier or diluent. 

2. A process according to claim 1 . wherein R 3 and R* are both hydrogen atom; R 5 and R 6 are the same 
70 or different and are each i) hydrogen atom, ii) a lower alkyl, iii) a cycloalkyl, iv) a phenyl having 1 or 2 
substituents selected from a halogen atom, a trihalogeno(lower)alkyl and a lower alkyl, v) naphthyl, or 
vi) thienyl; and R 7 and R 8 are the same or different and are each i) hydrogen atom, ii) a lower alkyl, iii) 
a lower aikenyl. or iv) a lower alkynyl, or both form together with the adjacent nitrogen atom a nitrogen- 
containing monoheterocyclic group selected from morpholinyl, pyrrolidinyl and piperidyl; provided that 
15 when both of R 1 and R 2 are hydrogen atom, Z 2 is oxygen atom and either one of R 5 and R 6 is i) a 
phenyl having 1 or 2 substitutents selected from a halogen atom, a trihalogeno(lower)aikyl and a lower 
alkyl, ii) naphthyl or iii) thienyl. 

3- A process according to claim 1, wherein one of R 5 and R 6 is hydrogen atom and another is i) a 
20 cycloalkyl, ii) a phenyl having 1 or 2 substituents selected from a halogen atom, a trihalogeno(lower)- 
alkyl and a lower alkyl, iii) naphthyl, or iv) a halogenophenyl-substituted lower alkyl; and R 7 and R 8 are 
the same or different and are each i) hydrogen atom, ii) a lower alkyl, iii) a lower aikenyl, iv) a lower 
alkynyl, or v) a lower alkyl substituted by a di(Iower)alkoxy phenyl, or both form together with the 
adjacent nitrogen atom a nitrogen-containing monoheterocyclic group selected from morpholinyl, 
25 pyrrolidinyl, piperidinyl and imidazolyl; provided that when both of R 1 and R 2 are hydrogen atom, Z 2 is 
oxygen atom and either one of R 5 and R 6 is i) a phenyl having 1 or 2 substitutents selected from a 
halogen atom, a trihalogeno(lower)alkyl and a lower alkyl, or ii) naphthyl. 

4. A process according to claim 1, wherein R 3 and R 4 are both hydrogen atom; one of R 5 and R e is 
30 hydrogen atom and another is i) a cycloalkyl, ii) a phenyl having 1 or 2 substituents selected from a 

halogen atom, a trihalogeno(lower)alkyl and a lower alkyl, or iii) naphthyl; and R 7 and R 8 are the same 
or different and are each i) hydrogen atom, ii) a lower alkyl, iii) a lower aikenyl, or iv) a lower alkynyl, or 
both form together with the adjacent nitrogen atom piperidyl; provided that when both of R 1 and R 2 are 
hydrogen atom, Z 2 is oxygen atom and either one of R 5 and R 6 is i) a phenyl having 1 or 2 
35 substitutents selected from a halogen atom, a trihalogeno(lower)alkyl and a lower alkyl, or ii) naphthyl. 

5. A process according to claim 4, wherein X is sulfur atom. 

6. A process according to claim 5, wherein one of R 5 and R 6 is hydrogen atom and another is 
40 halogenophenyl or a trihalogeno(lower)alkylphenyl f and R 7 and R 8 are the same or different and are 

each a lower alkyl. 

7. A process according to claim 5, wherein one of R 5 and R 6 is hydrogen atom and another is 
chlorophenyl or trifluoromethylphenyl, and R 7 and R 8 are both methyl or ethyl. 

45 

8. A process according to claim 1 , wherein the said derivative is 2-(4-chlorophenyl)-4-(diethylamino)acetyl- 
3,4-dihydro-2H-1 ,4-benzothiazine or a pharmaceutically acceptable salt thereof. 

9. A process according to claim 1 ( wherein the said derivative is 3-(4-chlorophenyl)-1-(diethylamino)acetyl- 
60 2,3-dihydro-1 H-naphtho[2,1-b][1 ,4]thiazine or a pharmaceutically acceptable salt thereof. 

10. A process according to claim 1. wherein the said derivative is 1-[3-(dimethylamino)propyl]-3-(3- 
trifluoromethylphenyl)-1H-naphtho[2,1-b][1,4]thia2in-2(3H)-one or a pharmaceutically acceptable salt 
thereof. 

55 

11. A process for preparing a thiazine or oxazine derivative of the following formula [I]: 
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5 




wherein R 1 and R 2 are both hydrogen atom or form a naphthalene ring together with the benzene ring; 
R 3 and R* are both hydrogen atom, or one of them is a halogen atom and another is hydrogen atom; X 
is sufur atom or oxygen atom; R 5 and R G are the same or different and are each i) hydrogen atom, ii) a 

15 lower alkyl, iii) a cycloalkyl, iv) a substituted phenyl, v) naphthyl, vi) a lower alky! which is substituted 
by a substituted or unsubstituted phenyl, or vii) a sulfur-containing monoheterocyclic group; one of Z 1 
and Z 2 is oxygen atom and another is two hydrogen atoms; A is a lower alkylene; R 7 and R 8 are the 
same or different and are each i) hydrogen atom, ii) a lower alkyl, iii) a lower alkenyl, iv) a lower 
alkynyl, or v) a lower alkyl which is substituted by a substituted or unsubstituted phenyl, or both form 

20 together with the adjacent nitrogen atom a nitrogen-containing monoheterocyclic group; provided that 
when both of R 1 and R 2 are hydrogen atom, Z 2 is oxygen atom and either one of R 5 and R 6 is a 
substituted phenyl, naphthyl or a sulfur-containing monoheterocyclic group, or a pharmaceutically 
acceptable salt thereof, which comprises the steps of 
(a) reacting a compound of the formula: 

25 



30 




Hi] 



35 wherein R\ R 2 , R 3 , R 4 , R 5 , R 6 , X and Z 1 are as defined above or a salt thereof with a compound of 

the formula: 

Y2-C(Z2)-A-Y 1 [III] 

40 wherein Y 1 and Y 2 are the same or different and are each a reactive residue, and A and Z 2 are as 

defined above, to give a compound of the formula: 
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(IV) 



wherein R\ R 2 , R 3 , R* f R s , R 6 , X, A, Z 1 , Z 2 , and Y 1 are as defined above, and then reacting the 
55 above compound [IV] with an amine compound of the formula: 
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R 7 

HN C ft tvj 
R 

wherein R 7 and R 8 are as defined above, or a salt thereof, or 

(b) reacting the compound of the formula [II] or a salt thereof with a compound of the formula: 



Y 3 -C(Z 2 )-A-N V 

R 



[VI] 



wherein Y 3 is a reactive residue, and Z 2 , A, R 7 and R 8 are as defined above, or 
(c) in case of the compound [I] wherein A is ethylene, Z 1 is two hydrogen atom, and Z 2 is oxygen 
atom, reacting the compound of the formula [II] or a salt thereof with an acrylic acid compound of 
the formula* 

Y2-C0-CH = CH 2 [VII] 

wherein Y 2 is as defined above, to give a compound of the formula: 




{VIII] 



wherein R\ R 2 , R 3 , R 4 , R 5 , R 6 , and X are as defined above, and then reacting the above compound 
[VIII] with an amine compound [V], or a salt thereof, or 

(d) in case of the compounds [I] wherein at least one of R 7 and R 8 is a lower alkyl, a lower alkenyl, a 
lower alkynyl, or a lower alkyl which is substituted by a substituted. or unsubstituted phenyl, reacting 
a compound of the formula: 




[I-aJ 



wherein R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , X, A, Z 1 , and Z 2 are as defined above, and R 71 is hydrogen atom, a 
lower alkyl, a lower alkenyl, a lower alkynyl, or a lower alkyl which is substituted by a substituted or 
unsubstituted phenyl, or a salt thereof with a compound of the formula: 

R 8, -Y 4 [IX] 

wherein R 81 is a lower alkyl, a lower alkenyl, a lower alkynyl, or a lower alkyl which is substituted by 
a substituted or unsubstituted phenyl, and Y 4 is a reactive residue, 
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optionally followed by converting the compound [I] in the free form into a pharmaceutical^ 
acceptable salt thereof. 

12. A process as claimed in claim 11 wherein the derivative of formula [I] is produced using a compound of 
5 the formula: 



10 




CII-a] 



75 wherein X 1 is sulfur atom or oxygen atom; R S1 and R 61 are the same or different and are each i) 
hydrogen atom, ii) a lower alkyl, iii) a cycloalkyl. iv) a substituted phenyl, v) naphthyl, vi) a lower alkyl 
which is substituted by a substituted or unsubstituted phenyl, or vii) a sulfur-containing mon- 
oheterocyclic group; Z u is oxygen atom or is two hydrogen atoms; provided that when Z 11 is two 
hydrogen atoms and R 51 and R 6t are both hydrogen atom, X 1 is sulfur atom, or a salt thereof. 

20 

13. A process for producing a pharmaceutical composition wherein a compound of Formula [I] is prepared 
by the process of claim 11 or claim 12 and the resulting compound or pharmaceutically active salt 
thereof is admixed with a pharmaceutically acceptable carrier or diluent 
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